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Automatic Pruning and Lightweight Deployment of Reinforcement Learning-based Deep
Diagnostic Model for Partial Discharge

ZHU Yongli, QIAN Tao
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Various discharge identification models based on local discharge signal sampling data developed on PC com-
puter or server side with high positive judgment rate are almost all deep models, which are large in volume and raise
higher requirements for computer resources, and cannot be run on the local discharge detection device. For this reason,
this paper proposes a reinforcement learning-based automatic pruning method for partial discharge depth diagnostic mod-
els with a model lightweight deployment scheme. On the server side, deep reinforcement learning is used for intelligent
body training, and automatic search is performed by interacting with the original partial discharge diagnostic model,
which in turn determines the pruning rate of each layer; and then the filter pruning according to the filter pruning by geo-
metric median (FPGM) method is used to discriminate the importance of the filter and realize parameter pruning.
Simulation experimental results show that the method achieves more than 85% parameter compression effect on the
lightweight series models MobileNetV1 and V2 as well as the classic series neural networks of ResNet50. The com-
pressed lightweight model is converted into lightweight ONNX format, saved on a portable computer, and implanted into
a Raspberry Pi smart terminal through wireless transmission, which can realize the diagnostic experimental simulation of
partial discharge on the smart terminal. The test results show that the local discharge diagnostic model which is deployed
after pruning using this method has great improvements in performance indexes such as memory occupation, power con-
sumption, and inference time.
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Fig.1 Depth-separable convolution diagram
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Fig.2 Schematic diagram of partial discharge depth model pruning for intelligent edge device
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partial discharge recognition

2 RENWRRAETHEEANNENSEHE

MET, RV R I gk 32 Bl L PyTorch.
TensorFlow. Microsoft Cognitive Toolkit ZFHEZLTE K
RURSS 2% Boem. SR, HLJJ A8 280 5 IR 55 25 b
WIZRI & B AL XAFAEA A Il o S R AR A
TE L) 2 BIA 02T, ASCBYRL I R /i
DREEZ Wt B 20 AT b U 4t

ONNX #&% s — M FH T R IR FE 2% > 1%
PRt o 12 AR B 45 5 VR 2 2 ST RE SR (R
P, AT TE R 55 2% v I 25 50 B JR U B e e b
¥y ONNX &, 2k im0 28 21 A8 F ik 2 iy B 2%
o, SCEIL R R HERE o 7 R AR o, B [ S (L
FEPIZS 2 W0 BRI ) AR (B AR I 25 5 15 2 1Y
ZHOM T IR ONNX %, IXERERA
B T S5 TR R 25 B — PPAE B 1 3R o T U e
ONNX & X550, H Ik ONNX A8 AT LA
&t BEREm R, #ln, ffH
ONNXRuntime ] PAZE 2 B4~ 05 Jai BOR AL 1)
HERL . DRIHCASOR R i i A 36 4y ONNX 4%
X, REEAZE LG ERET(HEH
ONNXRuntime f&). £ B /)30 £ #5i ONNX S H
ONNXRuntime J% 544 H RS RS (R 8 S AL, E1L
SV 2% Vi S I WA S AR T

YT HEAEHENS, FANALNETE €



AR, B Ve BT ORI R ERCRIR L TR ) B 3BT R S R E LR 5243

PIREAERAR T TR, HIEREE IR T80 1) 244 0 1
0] LLdEE AR TP B S A R iR 55 2 i A T I A
G, BN DIEEZITAEEE . (T MR R
i W SR A RO AT B 1SR R N B S R 3R, AR
FLh 2 FR I LA TP, BT DLAS AT DU IR 55 %%
Uiy BT B (R AR B B 2[RI AR SCAE AR L
[F]— N WX AT ot i & . [ 4 NBAE R
B HR R B I AN B A I E A AR
b A R, SR 5K ONNX A% S Rl i SCP(4:
& Secure Copy Protocol, B[ T 7E A< Al 72 2 [6]
2 AR A SR ) A% 36 B AR B ik Z8 3 . PC Sl i
SHH(4=FK Secure Shell Protocol, BJI—7Fljinas i1’ 4%
FERIMN, F T I AR 8 SR A ) 5 A8 Hwh 48 iy iE AT A2
B, AN N A I AT AR A EE
iR, Bl E RIS, R 2 PC i .

3 55

31 ZRBIEURSHRE
31,1 SEEGELHE I SREL

ASCEAERRAE TEC60270 +4 745 38 J&) 4 il i
SERGSF 6, FH v A R AL M H S 1) 4 b i SR )
G, SEIREEmE 5 o, B 5 HE
P BTN mme. 7ESZIG E HIAE 4 PSR R RS (R
Uiy ARBRL B AT IR, OB 6
Fim o B TECH B AR 1047 IO I (3 244 5088 I K /N
V) 25 25 ) IS L S, R P R T A R AR R
BAE S, KFEAZE 120 MHz, RER KN 2 s.

ASCKREERIN 2 s REEESER 1 A
PRPD Wi, NEEfR 2 M2 1 1HE 140, K PRPD
] i 167 78 EL A T 0 (100 ~ 360° ) R L & ¢, (B2 K
R, BN pCO)FTELE X R4 128%128
MNEX Y. Gt A BORAE S ERA X PN 1780R
URHE, BIRT TR 1A 128x128 () — 24 i v P R 46 b
HoA e 2R B X R R B, TR B A A
B R, {A—hkFR A PRPD RRAFFESCE, 3507 LLA
Kl 7 . M7 el LUE H PRPD B AN RE
W B VR B TR AR L, T HLARAE — e R R R
GRS, 5 B Rk F 2L i
TR, 4507 PRPD S RIN T HEhm: S

R SR TIUE 5 RAE 800 4, &id /gt E
% 3200 4~ PRPD 4%, H4%HE 0.7:0.1:0.2 (1) LLA
BBAEERI S IR, SRR R .

1% 2

B

T A28 5 P

=
ONNX#% =, 3
SCP
B4
o L
pci WHER mae
22 3y

K4 BREERER
Fig4 Model deployment diagram

%
VAR AR FE 2 S 0 A0 I 5 ZERE
_l_#'?:%
L
TR,
TR
BB =
oo
- JRi A
K5 seidorER
Fig.5 Experimental wiring digram
I_;,:__] BAL: mm
Y RN
4 = .
N ¥ AR
1*( DI )
O : LN«
| e——> | & 1]
¢_6 | I il
$=6 $=65 PEEp P M =2
R TR R W TH AR SRR BEBE
—HE

6 TR
Fig.6 Discharge model

312 SIS HNE

ARICAFH PRPD P B A Sy A4 46 43 3l %o
MobileNetV1, MobileNetV2 DL ResNet50 2%k
17 TR AN SR, BRI AR I 2R 4T Bk
3 FhSLIGmT, 3 FBIRLIATE pytorch R JE 2% S HELL
B17. SR MAEESE0CN: CPU: Intel(R)Core(TM)
i5-13600KF; GPU: NVIDIA GeForce RTX4070(12
GB). RAM(32 GB). 3 i AR IR EER B
150, fILR~Fi% K 128, MobileNetV1 LA K ResNet50
(S 2 9%y 0.001, MobileNetV2 % S KA
0.01. s FH BEHLES BE T B AL AL 25 (stochastic  gra-
dient descent, SGD), HZhE(H N 0.9, HLEIE)H
H24 0.000 1, JEFEAS X0 R pR L. 75 BT A 5K
R, SO RS ] IE AR S EUE E N 500,
DDPG 1] Actor 1 Critic P& F11) 2 EHZ TCH
WE N300, FrHIRY WE N 1. BRI R F %



5244 i LR AR

2024, 50(12)

HH IR B
128 0
- 1
961 - L2
Q -
& 3
s 64 Ee 4
S ;
32r LETEE 6
7
1 1 8
0 32 64 96 128
T ELAH £/ (°)
(a) R
TH IR B
128 0
96 N
2 1
< 64
o
= 2
328
L 3
0 32 64 128
T ELAH £/ (°)
(b) KPR
128
96
Q
2
< 64
o
1&!}
32t

TR £/ (%)

(c) BIFHH A
i RYE
0
B
2 12
< 18

o

= 24
30
36

0 32 64 96 128
TR AR fiLg/(°)
(d) ¥ T A A
K7 PRPD 7Y &3
Fig.7 Typical PRPD patterns

BEN0.9, HRNIIECRBIN 0. BB, K3
WZRERRBALE R 60, HARBSEE Bl ZRnt
— .

3.2 1REUEIAESILG

AR SO I P/ B R FE SR S R 3 R R FE R
R R AL . TERA ORI R R BN I T 25
FEAY(R B A N 0%) 1%L R, BEAT BRI
PB4, DAIRTS I KA S0y . A 14
JRBIRE A 0%, 10%. 20%. 30%. 40%. 50%.
60%-. 70%. 80%-. 90%. 95%, Hx KBIRRiZE N
98%- F/NEIRRIEE N 0% Bl T R AL BTk 3%
R LIRS RWE 8 Fin, JBR TAFBIRZT 3
PR AR BYRL S5 R 2

MK 8(a)H AT LLE H, MobileNetV1l 5Y %
H>90% Ji, ALY R R PR R R, BT R RN
90% AR A (1R R B2 /N T B 1% RE . sk
A 8 ) BT AR 5 R A SOKF MobileNetV I K BY
RWEN 90%, m/PNERREERN 0. ke Re
PR 1% 5 KB AR =, kI
MobileNeV1 4R B ¥y 86% N, A 2
W E 25 1F H 22K

KEH [FIHEAE, 7T43 2] MobileNetV2 5 {1 8Y
K% N 88%. HIT ResNet50 (Z¥ 5 M4 +H
ZER, M 8(c)F nl LAE S = R 40 2 R
95 ol AR TR (R AR BE A /N TR B 1% R,
W 1% B K ERIERNER, R 2R R
BB N 96% I A5 A5 2 YA BB B4 i K.

RS LRSS Y 1 e 4R A R i B BT A S
BRI IVERE, 30 AR fE B 2 A
Fz¥E. BRKEEE, BEREREE 15y
eafE 3 PRI ERE S . WRHPATUE ], BE
51 MobileNetV1 1 V2 [I¥IE6 S5 &N 3.21 MB.
223 MB, 5% iM% ResNet50 ) 23.54 MB AL,
SRR, (FR R RE AL T ResNet50,
Bl RS MobileNetV1 il V2
BRI ZE R AR o 7EBYALZ KT MobileNetV1,
WM Z ¥ E/NT MobileNetV1 HfE M,
MobileNetV2 BIF: f5 1R 51| % 41 5T MobileNetV1,
XU T MobileNetV2 SR F i 26 M s A5 B 5% 2=
SERITE BRI 2B TUAR S HON HAE BRI AR T
MobileNetV1 H /), RE ResNet50 52T 96.58%H]
JE4i%, (Bl THERNIRGESEE, K465 s
A A AT BRI R FR R . IWBTE G s &
ATLAUE W, BEEBISHEY T, BANEEE
WA R KFERE /0> . MobileNetV2 iz & T %
T 74.80%, 10N 24.05 MB. UL FEGEE LSS



KRR,

Vi BT 0B 2T R BCRIR LS W AL ¥ B 2 BT R S R B AL

5245

AT, IR RGP BT SR B
UFIESERR, FEAE R — 40 fa 2 S R0 (1 2% A
AR R

NIAE A SRS ] G e, AR SCRE
¥ mobilentV2 7E4: R BIE R Ny 88% AL, BRAk,
SR RE R T ORI 3 PSR ihSE R, IR

100

98T 97.23
. /

96

94+

921

WA /%

90

88

T

86
1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
B/ %
(a) MobileNet V1

100

100
99
Ik
97
96
95

9683 ]

T & RSB R IR AT ST b, 3R 2 o, BdE R
Ny RUEBIRURTE 3 FhghH FHZEA K 85.95%
F| 86.73%), {H =& X B EH A 2 B (A
94.42%%1 97.03%), BIFEE MG K, RAILE &
PRBY RS % — T8 W DL AR R R . BRE T
A SO S ] FHR R AR R
3.3 A EIShmEF B R B M BE A F2 0
SRIGAEA SR F FPGM J7 245 B Ak 72 rp 4 531
FEB: A BRI . A SCEM R,
3R L1 judk. L2 a3 FPGM {8 45 1
FBTARAEIEAT T 6 LEsESS . WiEk 3 Fizn, FPGM 7E
3 AN R B R S B T LA L2 Yu Oy
. % T MobileNetV1. V2, fiif FPGM #3115,
JR TR PR AR N R 0.80%A1 0.87%, AHEL
T L1 A L2 VR B AR AL, R B 40 2k W] BRI
I PEIRIEE] 2.19%. XF T ResNet50, FPGM #;57

LE A

94

93
921
91
90

1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
B %
(b) MobileNet V2

100
99+
98t ;

97— "’\7\\ / \V‘/'/’

96—

£ 1 BURHT SR BE AR AR

Table 1 Performance indicators of the model before and

after pruning
, L7 2 R BIE BH
Wit Wk woaE
S el Pr=R E%} NeE=! gijjé EE %T

BRI ARR R HeE | FORH=R/

ot/ B Ha R/

/% MB % %
MB MB MB %
MobileNetV1 97.83 3.21 047 86.73 97.03 183.02 38.54 78.94
MobileNetV2 98.23 2.23 0.27 88.02 97.26 9547 24.05 74.80
ResNet50 97.05 23.54 0.80 96.58 96.36 1310.00222.57 83.01
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Table 2  Different reward models under the 88% pruning rate

e BB % BRI /%
-3.5892 85.95 94.42
~2.3204 85.96 95.16
-1.637 6 86.73 97.03
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Fig.8 Recognition rates of three different models after pruning

at various pruning rates
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Table 3  Effects of different pruning criteria
- E=40) BE WA BIERIR TR
brife /% /% A% K%
L1 y5% 86.73 97.83 96.93 0.90
Mobile-NetV1 L2 Ju% 86.73 97.83 96.12 1.71
FPGM 86.73 97.83 97.03 0.80
L1 J5% 88.02 98.23 97.01 1.22
Mobile-NetV2 L2 Ju%k 88.02 98.23 96.04 2.19
FPGM 88.02 98.23 97.36 0.87
L1 yu%h 96.60 97.05 95.12 1.93
ResNet50 L2 yu%h 96.60 97.05 96.07 0.98
FPGM 96.60 97.05 96.36 0.69
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Table 4 Performance of the model on Raspberry Pi under the
optimal pruning rate
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RN WEK OB T T
/% K/ms

MB /NMB ms W W

MobileNetV1 86.73 12.2 1.62 86.72 34.19 21.00 3.73 3.21

MobileNetV2 88.02 8.47 1.02 8796 3093 1639 328 3.12

ResNet50  96.60  89.6 3.06 96.58 112.35 26.15 441 3.54
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Table 5 Compare and contrast with classic networks
K AL RE S 2

op  EWRY BEGE Afed HSER N
MB MB H/MB  K/ms w /%

LeNet 12.00 1.63 6.16 2334 345 8845
AlexNet 207.72  28.69 109 69.76  3.86  98.16
Shuffle-
46.24 1.29 4.94 20.04 346  96.08
NetV2
GhostNet 446.36 391 14.90 40.03 4.18 97.08
'L I
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